Neutral genetic variation is believed to provide useful information for conservation of farm-animal genetic resources. The aim of the present study was to assess genetic diversity in a small native chicken population composed of 4 groups, using neutral microsatellite markers. High within-group molecular coancestry coefficients ranging from 0.670 to 0.740 indicated that mating of closely-related individuals occurred within each group. The contribution of each group to genetic diversity was quantified to determine conservation priorities for the groups. The result suggested that 2 of the 4 groups represent greater reservoirs of genetic diversity and carry relatively large number of unique alleles that are missing in the other groups. Thus, these 2 groups were expected to play an important role in future conservation efforts. Genetic clustering analyses based on genotypes of individuals revealed that individuals belonging to 1 of the 4 groups were genetically distant from the others. To avoid inbreeding, future mating plans were designed by estimating molecular coancestry coefficients between candidate males and females. Appropriate mating patterns to maintain genetic diversity were established. Genetic characterization based on neutral molecular variations has the potential to provide valuable information for conservation of rare or endangered chicken breeds.
Introduction
Neutral genetic variation is believed to provide useful information for establishing conservation strategies for farm animal breeds, although it does not represent functional genetic variation involved in specific productive traits (Ruane, 2000) . Using neutral molecular markers (such as microsatellite markers), conservation priorities among several subpopulations (groups) can be determined in terms of maximization of neutral genetic diversity, and this molecular information is helpful as one of the criteria for conservation decisions for given subpopulations (Petit et al., 1998; Caballero and Toro, 2002) .
The finding of a previous molecular study indicated that industry chicken stocks, pure lines of commercial layers and broilers, lack much of the genetic diversity observed in noncommercial chicken stocks (Muir et al., 2008) . Chicken populations outside the modern poultry industry (such as native chicken breeds) have the potential to play an important future role as a reservoir of genetic diversity. Thus, redoubled conservation efforts for native chicken resources are desirable.
In Japan, there are several native chicken breeds mainly developed for ornamental purposes. Some of these breeds have been designated as national natural treasures by the Japanese Government considering their historical and cultural value. Some breeds are kept by private breeders in small population sizes. For future conservation efforts, concrete conservation and management strategies of these breeds need to be established. However, most of these breeds have a characteristic population structure composed of several groups (different breeding units), each consisting of a small number of individuals. In such cases, neutral genetic variation may be advantageous for establishing conservation strategies.
This study was conducted to assess genetic diversity in a small native chicken population based on neutral microsatellite polymorphisms. More specifically, genetic diversity within each group, genetic differentiation among groups, and conservation priorities for groups were investigated. With the aim of maintaining genetic diversity and avoiding inbreeding, appropriate mating patterns were designed.
Materials and Methods

Sample Collection
A population of a Japanese native chicken breed (GujoJidori), which comprised 4 groups maintained by 4 members of the Gujo-Jidori Conservation Association (Gujo City, Gifu Prefecture, Japan), was examined, and the groups were named Group 1 (n＝4; 2 males and 2 females), Group 2 (n＝ 5; 1 male and 4 females), Group 3 (n＝4; 1 male and 3 females), and Group 4 (n＝3; 1 male and 2 females). The Gujo-Jidori (also known as Gifu-Jidori) was designated by the Japanese Government as a national natural treasure in 1941 for its historical and cultural worth. In the native locality, small numbers of individuals are maintained by private breeders at the backyard level. All adult males and females in each group were sampled. Group 1 and Group 4 have been maintained as a closed flock. For Group 2, exchanges of birds from other groups were conducted in the past. Management procedure of Group 3 is not available. Blood samples were taken from the ulnar vein of individuals, and genomic DNA was extracted from whole blood samples using a published method (Tadano et al., 2007b) .
Microsatellite Genotyping
For genotyping, we chose 15 microsatellite markers (ADL0268, ADL0278, MCW0034, MCW0037, MCW0067, MCW0069, MCW0078, MCW0081, MCW0123, MCW0165, MCW0183, MCW0222, MCW0248, MCW0295, and MCW0330) included in both a previous study (Tadano et al., 2007a) and the marker set recommended by the ISAG-FAO Standing Committee for genetic diversity study of the chicken (http: //dad. fao. org/). PCR amplification was performed as described in a previous study (Tadano et al., 2007b) , using a 2720 Thermal Cycler (Applied Biosystems, Foster City, CA) or T100 Thermal Cycler (Bio-Rad Laboratories, Hercules, CA). PCR products were electrophoresed with GeneScan 500 LIZ Size Standard (Applied Biosystems), using an ABI PRISM 3100 Genetic Analyzer (Applied Biosystems). Allele sizes were scored using GeneMapper Software (Applied Biosystems). Electrophoresis analysis and allele scoring were performed in the Division of Genomics Research, Life Science Research Center, Gifu University.
Data Analysis
Total number of alleles (TNA), mean number of alleles per locus (MNA), allelic richness (AR; El Mousadik and Petit, 1996) , observed heterozygosity (H O ), and expected heterozygosity (H E ; Nei, 1987) were estimated for assessing genetic diversity within a group, using an Excel microsatellite toolkit (Park, 2001) and FSTAT (Goudet, 1995) . In addition, the degree of inbreeding within a group was characterized by estimating the molecular coancestry coefficient (f ij ; Caballero and Toro, 2002) using MolKin (Gutiérrez et al., 2005) .
Genetic differentiation among groups at the individual level was assessed using 2 genetic clustering methods. Genetic distances based on the proportion of shared alleles (D ps ＝1−ps; Bowcock et al., 1994) between pairs of individuals were calculated, using MICROSATELLITE ANALYZER (Dieringer and Schlötterer, 2003) . A tree of individuals was constructed on the basis of neighbor-joining method (Saitou and Nei, 1987) using NEIGHBOR in PHYLIP (Felsenstein, 2009 ) and TREEEXPLORER in MEGA (Kumar et al., 2004) . Bayesian model-based clustering was performed using STRUCTURE (Pritchard et al., 2000) . Using the admixture models with the correlated allele frequencies, 20 independent runs were performed for each K (the number of assumed genetic clusters) ranging from 1 to 15, with a burn-in period of 100,000 and 100,000 iterations. Average pairwise similarities (H′ ) and average individual's membership coefficients for the 20 runs were computed using the LargeKGreedy algorithm implemented in CLUMPP (Jakobsson and Rosenberg, 2007) . The results were visualized using DISTRUCT (Rosenberg, 2004) . The optimal value of K was determined by ΔK (Evanno et al., 2005) .
To assess conservation priorities of the groups, we quantified the contribution of each group to the diversity based on the methods of Caballero and Toro (2002) (GD T ; contribution to total genetic diversity, GD W ; contribution to withingroup diversity, and GD B ; contribution to between-groups diversity) and Petit et al. (1998) (C T ; contribution to total genetic diversity, C W ; contribution to within-group diversity, and C B ; contribution to between-groups diversity), using MolKin (Gutiérrez et al., 2005) . According to the method of Caballero and Toro (2002) , the group making the highest negative (−) contribution to the total genetic diversity (GD T ) is the one greatly contributing to the overall diversity. Thus, this group should be given high priority in the conservation strategy. In contrast, according to the method of Petit et al. (1998) , the group making the highest positive (＋) contribution to the total genetic diversity (C T ) is the greatest contributor to the overall diversity and its conservation should be prioritized.
To design mating patterns for the avoidance of inbreeding, molecular coancestry coefficients (f ij ; Caballero and Toro, 2002) between candidate 5 males and 11 females were estimated using MolKin (Gutiérrez et al., 2005) .
Results
Genetic Diversity Within Groups
The genetic diversity within each group is summarized in Table 1 . TNA and MNA ranged from 24 (Group 1) to 29 (Group 2 and Group 4) and from 1.60 (Group 1) to 1.93 (Group 2 and Group 4), respectively. The lowest AR was observed in Group 1 (1.58) and highest was in Group 4 (2.01). The unique alleles were detected in 2 of the 4 groups (Group 1 and Group 4). H O and H E ranged from 0.307 (Group 2) to 0.450 (Group 1) and from 0.298 (Group 1) to 0.396 (Group 4), respectively. The lowest f ij was observed in Group 4 (0.670) and highest was in Group 1 (0.740).
Genetic Differentiation Among Groups
A neighbor-joining tree based on D ps is shown in Fig. 1 . Four individuals of Group 1 were clearly separated from others. D ps between pairs of individuals ranged from 0.033 (Group 1-♂ 2 and Group 1-♀ 2) to 0.533 (Group 1-♂ 2 and Group 4-♀ 2, Group 1-♀ 1 and Group 2-♂ 1, and Group 1-♀ 1 and Group 4-♀ 2).
In Bayesian model-based clustering, ΔK values ranged from 0.06 to 10.76 at K＝2 to 15. The 2 highest ΔK were observed at K＝3 (10.76) and K＝4 (9.61). A graphical Tadano and Kataoka: Genetic Diversity of Small Chicken Population display (K＝2 to 5) and individual's membership coefficients (K＝3 and K＝4) are shown in Fig. 2 . and Table 2 . The average pairwise similarities (H′ ) among 20 replicates were 0.88 (K＝2), 0.99 (K＝3), 0.83 (K＝4), and 0.83 (K＝5). At both K＝3 and K＝4, all individuals of Group 1 were clearly separated from others and formed an independent cluster with high membership coefficients ranging from 0.962 to 0.989. In contrast, most of the individuals of Group 2 and Group 3 could not be separated.
Contribution of Each Group to Genetic Diversity
The contribution of each group to the genetic diversity is summarized in Table 3 . According to both methods, Group 1 made the highest contributions to total genetic diversity (GD T ＝−9.59% and C T ＝＋13.51%). Similar to Group 1, Group 4 also showed high contributions to total genetic diversity (GD T ＝−8.84% and C T ＝＋9.39%). The highest contributions to within-group diversity was observed in Group 4 (GD W ＝−2. 99% and C W ＝＋7. 18%) and the lowest was in Group 1 (GD W ＝＋1.61% and C W ＝−4.57 %). The highest contributions to between-groups diversity was observed in Group 1 (GD B ＝−11.21% and C B ＝＋18.08 %) and lowest was in Group 2 (GD B ＝＋3.73% and C B ＝ −8.17%). 
Identifying Individuals for Future Mating
The values of f ij between 5 candidate males and 11 females are summarized in Table 4 . As expected, combinations of male and female within the same group showed high values ranging from 0.633 to 0.833. The lowest values (f ij ＝0.450) were estimated for 3 mating patterns (Group 1-♂ 1×Group 4-♀ 2, Group 1-♂ 2×Group 4-♀ 2, and Group 2-♂ 1× Group 1-♀ 1).
Discussion
Molecular coancestry coefficient (f ij ) within groups ranged from 0.670 to 0.740. These values are higher than those reported for conservation flocks of local Italian chicken breeds (Zanetti et al., 2010) indicating that mating between closely-related individuals occurred within each group. In particular, Group 1 exhibited the highest molecular coancestry coefficient (f ij ＝0.740), which was comparable to a local Italian chicken population that had undergone past inbreeding (f ij ＝0.769) (Zanetti et al., 2010) . The lowest allelic diversity observed in Group 1 may also suggest a high degree of inbreeding. Inbreeding signature was more or less detected within all groups. We conclude that exchange of breeding materials among groups is important in future conservation efforts. histories of Group 1 and Group 4 that these groups have been maintained as a closed flock. We conclude that Group 1 and Group 4 should play a key role in future conservation. In contrast, individuals of Group 2 and Group 3 shared a similar genetic background. Presumably, this may result from introgressions of birds from Group 3 into Group 2 in the past. Based on 2 different methods, conservation priorities for the groups were assessed. These methods evaluate the importance of each group from the viewpoints of maximizing of gene diversity (Caballero and Toro, 2002) and allelic richness (Petit et al., 1998) in a metapopulation composed of several groups. According to the method of Caballero and Toro (2002) , Group 1 made the highest contribution to total genetic diversity (GD T ＝−9.59%), and Group 4 also made a high contribution to total genetic diversity (GD T ＝−8.84%). These results indicate that the loss of Group 1 and Group 4 would result in a large loss of the total genetic diversity (9.59 % and 8.84%) in a metapopulation, respectively. We accordingly consider the conservation of Group 1 and Group 4 to be important for maintaining genetic diversity in the whole population. Group 1 made the lowest contribution to withingroup diversity (GD W ＝＋1.62%) and highest to betweengroups diversity (GD B ＝−11.21%). This result indicates that Group 1 has undergone a high degree of inbreeding, as confirmed by the highest within-group molecular coancestry coefficient. Group 2 and Group 3 are genetically similar, as evidenced by Bayesian model-based clustering. These 2 groups made a low contribution to total genetic diversity (GD T ＝＋4.12% and GD T ＝＋3.35%), indicating that if 1 of these 2 groups is lost, the other one, having a similar genetic component, will compensate its contribution to genetic diversity. According to the method of Petit et al. (1998) , Group 1 and Group 4 made high contributions to total genetic diversity (C T ＝＋13.51% and C T ＝＋9.39%). This result reflected the fact that Group 1 and Group 4 had a number of unique alleles that were absent from other groups.
Molecular coancestry coefficients (f ij ) between candidate males and females were estimated to establish future mating strategies. High molecular coancestry coefficients were observed in mating patterns between individuals of the same group. For example, relatively high values were estimated between males and females of Group 1. In fact, Group 1 is composed of parents and offspring. This result also indicates that exchanging breeding materials among groups is essential to maintain genetic diversity.
In the present study, genetic diversity in a small native chicken population was evaluated on the basis of microsatellite markers. However, these neutral genetic markers are (Ruane, 2000) . Not only neutral genetic diversity but breed-specific traits are also important for the establishment of mating strategies.
